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Recent studies have shown that, early during
sporulation in Bacillus subtilis, the temporary exclu-
sion of 70% of the chromosome from the forespore
compartment is critical to the regulated activation of
two major transcription factors, σF and σE.
When bacteria of the genera Bacillus and Clostridium
initiate spore formation — in response to nutrient lim-
itation and cell crowding — they carry out an unusual
variant of cell division in which the division septum
forms close to one pole of the cell, creating unequal
forespore and mother cell compartments (Figure 1) [1].
At the moment of formation of this septum, and for a
short period thereafter, only about 30% of the chro-
mosome (the origin-proximal genes) destined for the
smaller, forespore compartment is actually within the
forespore (Figure 1) [2]. The remainder of the chromo-
some is pumped into the forespore over a 15 minute
period. Delayed completion of chromosome translo-
cation offers the cell the opportunity to regulate fore-
spore gene expression differentially by virtue of the
presence or absence of particular genes. Three imag-
inatively conceived and carefully executed recent
studies [3–5] demonstrate that B. subtilis indeed takes
advantage of such transient genetic asymmetry.
The forespore and mother cell compartments of the
sporulating cell each have specific programs of gene
transcription [1]. Soon after septation, forespore RNA
polymerase becomes associated with the initiation
factor σF and σF-dependent genes are transcribed.
After a short delay, mother cell RNA polymerase asso-
ciates with σE and a different pattern of transcription
ensues. At later stages of sporulation, σG-containing
and σK-containing forms of RNA polymerase direct
transcription in the forespore and mother cell com-
partments, respectively.
Like all sporulation-specific σ factors, σF is inactive
when it is first synthesized: σF is co-synthesized with,
and bound to, an inhibitory protein, SpoIIAB, in the
predivisional cell [6], and is partitioned at division to
give equal concentrations in the mother cell and fore-
spore compartments. SpoIIAB and its own antagonist,
SpoIIAA [7], are similarly partitioned. SpoIIAA does not
interfere with SpoIIAB before septation, because it is
efficiently phosphorylated (by SpoIIAB) and thereby
inactivated [8]. Sporulaton septation somehow favors
interaction of dephosphorylated SpoIIAA with SpoIIAB
and concomitant liberation of σF. Dephosphorylation
of SpoIIAA is catalyzed by SpoIIE, an enzyme that
localizes to the septal membrane [9,10]. SpoIIAA,
SpoIIE and σF are all essential proteins for sporulation;
deletion of spoIIAB causes lethality, presumably
because the mutant cells try to sporulate when they
should be growing. 
As all the proteins involved in σF activation are
made before septation, the mechanism by which σF is
activated uniquely in the forespore has been the
subject of considerable interest and speculation.
Interaction between σF and SpoIIAB is favored by a
high ratio of ATP to ADP, while formation of
SpoIIAB–SpoIIAA complexes is favored by an excess
of ADP [11,12], suggesting that the forespore com-
partment might be selectively depleted of ATP. But it
is unclear how a forespore-specific drop in the
ATP:ADP ratio would be achieved.
SpoIIE may be located only on the forespore side of
the septum [13], but, even if SpoIIE molecules are
equally distributed to the two faces of the septal mem-
brane [14], the concentration of SpoIIE would be
higher in the forespore than in the mother cell. As a
result, SpoIIE might dephosphorylate SpoIIAA prefer-
entially in the forespore compartment. This idea
became less appealing, however, when it was discov-
ered that dephosphorylation of SpoIIAA does not
require septation [14,15] and occurs in both compart-
ments [14]. Moreover, a mutant that lacks the mem-
brane-spanning domain of SpoIIE and has soluble
SpoIIE throughout its cytoplasm sporulates surpris-
ingly well, albeit not quite as well as wild-type 
cells [16].
The unexpected properties of the soluble form of
SpoIIE inspired the alternative hypothesis that fores-
pore-specificity resides in an inhibitor of SpoIIE that is
present in both compartments but is degraded prefer-
entially in the forespore [17]. Frandsen et al. [17]
further suggested that the putative unstable inhibitor
of SpoIIE is encoded by an origin-distal gene, as
deduced from the fact that relocation of the σF gene
from its normal site near the terminus of replication to
an origin-proximal site allows sporulation to be partly
independent of SpoIIE. Again, this model was clouded
by the realization that SpoIIE activity is not restricted
to the forespore.
A final hypothesis came from the observation of Pan
et al. [18] that the anti-σ factor SpoIIAB is unstable,
and that mutations that render the SpoIIAB protein
resistant to proteolysis interfere with σF activation and
sporulation. Perhaps the concentration of SpoIIAB  is
dropped preferentially in the forespore, but if so, how
does this occur? A recent paper by Dworkin and
Losick [5] answers this question, while providing a
novel explanation for the earlier results of Frandsen
et al. [17], and strongly supports the idea that subcel-
lular gene location can be critical to regulation.
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The fundamental observations of Dworkin and
Losick [5] are deceptively simple. When the spoIIAB
gene is moved from its normal, terminus-proximal
region to a location within the 30% of the genome that
is present in the forespore at the moment of septation,
sporulation is less efficient. When a strain with the
repositioned spoIIAB gene is also deleted for the
membrane-spanning domain of SpoIIE, the double
mutant is highly defective for sporulation. That is, the
effects of either alteration alone are small; when they
are combined, they act synergistically, suggesting that
they reflect overlapping and partially redundant mech-
anisms of regulation.
Taking these results and the instability of SpoIIAB
into account, Dworkin and Losick [5] propose that the
transient genetic asymmetry caused by delayed com-
pletion of chromosome translocation to the forespore
normally creates a temporary situation in which
SpoIIAB molecules, which are continuously turned
over, can be replenished in the mother cell but not in
the forespore. The decreasing concentration of fores-
pore SpoIIAB, coupled with simultaneous dephos-
phorylation of SpoIIAA (in both compartments) by
septum-bound SpoIIE, favors the preferential release
of σF from inhibitory complexes in the forespore. In
fact, the dephosphorylating activity of SpoIIE (on a
molar basis) is much higher than the kinase activity of
SpoIIAB [11], so any decrease in SpoIIAB will quickly
shift the balance of protein–protein interactions. Thus,
the most efficient sporulation requires that the
spoIIAB gene be transiently excluded from the fores-
pore right after septation, that SpoIIAB protein be
subject to degradation, and that SpoIIE be associated
with the septal membrane. Dephosphorylation of
SpoIIAA and a drop in the ATP:ADP ratio throughout
the cell also appear to be required, but the transiently
decreased concentration of SpoIIAB in the forespore
may be the primary explanation for the forespore-
specificity of σF activity.
An inverse effect of genetic asymmetry is seen
immediately after σF activation. The mother-cell-
specific σ factor, σE, is initially synthesized throughout
the predivisional cell as an inactive, pro-sigma factor
[1]. Cleavage of the inactivating amino-terminal
domain is dependent on a signal from the forespore
compartment mediated by SpoIIR [1]. The spoIIR gene
is transcribed by σF-containing RNA polymerase and
its expression initiates immediately upon activation of
σF, because spoIIR is an origin-proximal gene.
Khvorova et al. [3] and Zupancic et al. [4] showed that
moving spoIIR to origin-distal positions on the chro-
mosome delays and reduces σE-dependent gene
expression and inhibits sporulation. 
The explanation for this surprising result is the
following. Sporulating cells form nascent septasomes
at both poles. But the cell really only wants to form
one polar septum, because the spore is programmed
to develop within a mother cell that expresses specific
genes at specific times. Genes under the control of σE
block completion of the second polar septum, pre-
serving forespore–mother cell compartmentalization.
Any significant delay in activation of σE in the mother
cell would allow redundant polar septation and leave
the mother cell without a chromosome.
All of the players in the mechanisms of gene regula-
tion described above are conserved in all species of
Bacillus and Clostridium whose genomes have been
sequenced to date [19], suggesting that transient
genetic asymmetry is a general mechanism of gene
regulation in these bacteria. Sporosarcina, however,
divides symmetrically at the onset of sporulation [20],
and it remains to be seen how this organism mediates
compartmentalization of gene expression. In eukary-
otic cells, the genetic content of egg and sperm cells
is also different, meaning that every new generation of
every higher organism initiates from a state of genetic
asymmetry. In diploid cells, however, the nuclear
membrane precludes the selective separation of
Figure 1. Transient genetic asymmetry at
the onset of sporulation.
(A) When cells sense nutrient limitation, an
ongoing round of DNA replication is com-
pleted, yielding a cell with two copies of
the chromosome. (B) Formation of a divi-
sion septum near one pole of the cell
traps the replication origin oriC (black
circles)-proximal 30% of one of the two
chromosomes in the nascent forespore
compartment. Genes within the included
30% of the chromosome encode the
SpoIIAA~P phosphatase, SpoIIE (yellow
triangles), the SpoIIAB-degrading pro-
tease components ClpC (blue squares)
and ClpP (blue triangles), and the signal-
ing protein SpoIIR (yellow squares) and
are expressed in both compartments. The
spoIIAA-spoIIAB-sigF operon (red rectan-
gles) is expressed only in the mother cell.
(C) Within 15–30 minutes, the entire fores-
pore chromosome is translocated across
the septum, restoring complete genetic
symmetry.
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chromosomal genes at cell division. Nonetheless,
organelles that contain DNA, such as mitochondria
and chloroplasts, could be distributed unequally
between two daughter cells, generating at least tem-
porary asymmetry of gene expression. 
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